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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards on 23 February 1990, after 
the draft, finalized by the Solid Mineral Fuels Sectional Committee, had been approved by the 
Petroleum, Coal and Related Products Division Council. 

The need for preparation of this standard was felt on two counts. At the time of preparation of 
IS 1355 : 1984 'Methods of determination of chemical composition of ash of coal and coke (first 
revision)* it was envisaged that a separate standard may be prepared to exclusively dealtwith aspect of 
fusibility of ash of coal and coke in keeping with the latest development in the field. Cognizance was 
taken of the fact that Leitz Heating Microscope was in use involving visual observation as well as 
photographic recordings of the changes taking place in the ash specimen. At the time of preparation 
of IS 439 : 1976 'Specification for industrial coke ( third revision )* only the requirements were retained 
and it was agreed to undertake the preparation of a standard prescribing a comprehensive method 
for determination of fusion temperature of ash from coal, coke or lignite. 

In connection with utilization of coal, coke and lignite in various areas where high temperature is 
involved, the thermal behaviour of the mineral matter/inorganic residues or ash fusibility has to be 
evaluated. 

This is particularly significant in thermal power stations whether of the dry or wet bottom types — 
where the temperature exceeds even 1 400°C. In combustion of coal, many factors govern the 
behaviour of ash -and correlation between temperature of clinker-slag formation in practice and 
fusion temperature as determined in the laboratory is not of a simple character. Still the thermal 
behaviour of ash as determined in the laboratory provides basic information on its probable behaviour 
in practice. 

Coal ash having iron in the ferric state has higher fusion temperature than the ash containing iron 
in the ferrous condition. In view of this, generally two types of atmospheres — one strictly oxidizing 
where in iron in ash is converted to the ferric condition, and the other mildly reducing when iron 
will be in the ferrous condition are maintained during experiment. In practice, however, to have 
data under worst working condition, the experiment is generally carried out under mildly reducing 
atmosphere. 

This standard is based on the results of investigations carried out and data collected by the Central 
Fuel Research Institute, (CSIR), Dhanbad, In the preparation of this standard, considerable 
assistance has been derived from: 

a) ISO 540 : 1981 Determination of fusibility of ash, high temperature tube method; and 

b) DIN 51730 : 1984 Determination of fusibility of fuel ash. 
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Indian Standard 



METHOD OF DETERMINATION OF 

FUSIBILITY OF ASH OF COAL, 

COKE AND LIGNITE 



1 SCOPE 

1.1 This standard prescribes a method for deter- 
mining fusion temperatures of ash from all solid 
mineral fuels — coal/coke/lignite. 

2 REFERENCES 

2.1 The following Indian Standards arc necessary 
adjuncts to this standard: 



IS No. 

436 ( in parts) 

(Part 1/ 
Seel): 1964 

(Part 1/ 
Sec 2) : 1976 

(Part 2): 1965 



Title 

Methods for sampling of coal 
and coke: 

Sampling of coal, Section 1 
Manual sampling ( revised) 

Sampling of coal, Section 2 
Mechanical sampling 

Sampling of coke {revised) 



3 TERMINOLOGY 

3.0 For the purpose of this standard, the follow- 
ing definitions shall apply. 

3.1 Ash 

Inorganic residue left when powdered coal, coke 
or lignite is incinerated in air to constant mass 
under specific conditions. 

3.2 Initial Deformation Temperature ( I.D.T. ) 

The temperature at which the first sign of 
deformation or rounding of the edge of the ash 
specimen is deserved. 

3.3 Hemispherical Temperature ( H.T. ) 

The temperature at which the ash specimen com- 
pletely fuses to a hemispherical blob on the 
supporting base. 

3.4 Fluid Temperature ( F.T. ) 

The temperature at which the ash specimen 
spreads out in a flat layer over the supporting 
base. 

3.5 Ash Fusion Range 

The interval between the initial deformation 
temperature and hemispherical temperature. 

3.6 Flow Range 

The interval between the hemispherical tempera- 
ture and the fluid temperature. 



4 SAMPLING 

4.1 Methods of sampling shall be as prescribed 
in IS 436 (Part 1/Sec 1 ) : 1964 and IS 436 
(Part 1/Sec 2): 1976 for coal and IS 436 
(Part 2) : 1965 for coke. 

5 PRINCIPLE 

5.1 A test piece made from ash of coal, coke or 
lignite is heated under conditions specified and 
continuously observed. The temperatures (see 3.2 
to 3.4) at which characteristic changes of shape 
occur are recorded. 

5.2 A heating microscope permits the observation 
and photographic recording of the various phases 
of the characteristic changes of the physical state 
of ash. Samples of substances to be investigated 
are microscopically observed in an electric furnace 
and their image projected on a 24 x 36 mm ground 
glass screen. In an attachable camera, the entire 
process of heating the sample up to the fusion 
temperature or the fluid temperature may be 
recorded by taking a series of photographs. 

6 TEST CONDITIONS 

6.1 Specimen Size and Shape 

The test piece shall have sharp edges to facilitate 
observation. The mass of the test piece shall be 
such that it ensures equalisation of temperature 
within the test body. Hence too large dimension 
shall be avoided. The following shapes and 
dimensions are recommended: 

a) Cube of side 2 mm or 3 mm, and 

b) Cylinder of diameter 2 mm or 3 mm, the 
height being equal to the diameter. 

6.2 Test Atmosphere 

6.2.1 Oxidising Atmosphere 

An atmosphere in which the volume ratio of 
reducing gases to oxidising gases is less than 1 : 4. 
In practice an oxidising atmosphere is obtained 
with air or carbon dioxide where rate of flow 
is not critical (see Note ), 

6.2.2 Mildly Reducing Atmosphere 

An atmosphere in which the volume ratio of 
reducing gases to oxidising gases falls within the 
limits 4 : 1 and 1 : 4. 

NOTE — For this purpose, oxygen, carbon dioxide 
and water vapour arc considered as oxidising gases, 
hydrogen, hydrocarbons and carbon monoxide as 
reducing gases; and nitrogen as inert gas. 
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7 APPARATUS 

7.1 Heating Microscope 



The complete set up of heating microscope is 
shown in Fig. 1. The details of the heating 
microscope components are also listed. 



The heating microscope consists essentially of 7.1.1 The plan drawing of the heating microscope 



three principal units which are mounted on a 
common optical bench on saddle stands, namely: 

a) electrical furnace with specimen holder, 

b) light source, and 

c) observation and photo-microscope. 



is shown in Fig. 2. 

7.2 Furnace 

The furnace with specimen holder in loading 
position is shown in Fig. 3. The details of the 
components for this unit are also given. 



K 3 h a 



FED 




■Is Arc lamp for photography with incident light 

2a Incandescent lamp, which, in its lower position, permits subjective observation with incident light and, 
when turned upward, permits photography with the arc lamp as well as combined incident and 
transmitted illumination 

3a Ultropak incident illuminator 

A Prismatic rait 

B Support with deflecting mirror for the Ultropak illuminator 

C Release for mirror housing ( indicated by a black ring ) 

D Release for Leica camera housing 

E Clamp type holder for microscope tube 

F Microscope tube 

G Objective 

H Specimen holder 

J Lever for moving the specimen holder as well as for adjusting the specimen in the furnace 

K Knurled screws ( act as stops for specimen holder ) 

L 2 centring screws. The lamp is centered with the aid of these 2 screws in such a fashion that the imago 
on the observation screen is fully illuminated. 

M Micro-adjustment of specimen 

N Temperature indicating instrument, calibrated for use only in the horizontal position. 

Fig. I Complete Set of Heating Microscope 

2 
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1 Bulb 7 

2 Condenser 8 

3 Electric connection of the heating furnace 9 

4 Specimen with thermo-couple 10 

5 Temperature indicator 1 1 

6 Objectives 12 



Eyepiece 

Grid plate 

Diverting mirror for observation and photography 

Observation ground glass screen 

Observation magnifier 

Lieca camera housing 



Fig. 2 Plan Drawing of the Heating Microscope 




1 Specimen holder 

2 Specimen and thermo-couple 

3 Lever for moving the specimen holder as well as for adjusting the specimen in the furnace 

4 Set screw for specimen holder 

5 Lever for increasing contrast when using incident illumination 

6 Pipe connection for gases 

7 Interchangeable quartz window ( used as light aperture for silhouette projection 

8 Compensating wires for connection thermo-couple and temperature indicating instrument 

9 Vertical adjustment of furnace 
1 Lateral adjustment of furnace 

Fig. 3 Furnace with Specimen Holder 
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7.2.1 The electric furnace 
following conditions: 



should satisfy the 7.5 Support 



a) It shall be capable of reaching the maximum 
temperature at which the properties of the 
ash are to be evaluated ( in general, a 
temperature of about 1 500°C is kept in 
view as a maximum temperature of 
operation by this method ). 

b) It shall provide an adequate zone of 
uniform temperature to heat the as'i 
specimen. 

c) It shall provide the means of heating the 
ash specimen at uniform rate of 10°C per 
minute up to 1 000 C C then at a rate varying 
between 3 and 5°C per minute above 
1 OOO'C. 

d) It shall be possible to maintain an atmo- 
sphere of composition within the desired 
limits around the test specimen. 

e) It shall also provide means of observation 
for the changes in the shape of the test 
specimen with rise of temperature through 
the course of the experiment. 

7.3 Pyrometer 

7.3.1 The temperature in the furnace and also 
the specimen is measured by a platinum-rhodium/ 
platinum-thermocouple and a temperature record- 
ing instrument duly calibrated for use in 
horizontal position is attached. 

7.4 Mould 

7.4.1 Figure 4 shows the details of the mould 
assembly for preparation of ash specimen for the 
test. Different types of moulds are generally used. 
For making the ash specimen a small hand press 
is used. These moulds are generally supplied with 
interchangeable stamps to get desired shape of 
the specimen ( see 6.1 ). 



7.5.1 Sample of the height of 3 mm are placed on 
10 x 10 mm steatite support for use up to a tem- 
perature of 1 300°C. In case of higher temperature, 
say up to 1 500°C support of Sipolux in size 
10x10 mm is employed. 

7.5.2 In case of corrosive ash like lignite/lignite 
type ash, platinum support of the above size is 
employed in place of ceramic support. 

7.6 Water Cooling 

7.6.1 Water cooling is recommended for the 
furnace. Before heating, water flow through 
cooling chamber is required to be checked. 

7.7 Optical System 

7.7.1 Light Source 

A 6 volt 30 watt filament lamp in centering socket 
connected to 110/220 V main via regulating 
transformer serves as source of light. In order to 
illuminate the field of view fully and uniformly 
the aspherical illuminating lense may be adjusted 
in the direction of optical axis of the instrument. 

7.7.2 Observation and Photo-Microscope 

This unit is also mounted on the saddle stand 
and fitted with a microscope tube with removable 
objective and built in eyepiece. The microscope 
projects the image of the specimen to the ground 
glass screen of the mirror reflect system or into 
Leica camera housing. The ratio of magnification 
is 5 : 1; with the use of 4 X magnifier, the total 
magnification becomes 20 dia. 

With the modified version of the instrument the 
observation and photo-microscope unit has in 
addition an eye-piece turret, a filter changer and 
a built-in string galvanometer. The scale of the 
galvanometer graduated from 0-1 600° C in 20°C 
intervals is put below the image of the sample. 
A typical image of the sample just prior to 
starting of the operation is shown in Fig. 5. 



Abb 16 




Fig. 4 Details of Mould Assembly 

4 
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Fig. 5 Typical Image of the Sample ( Just Prior to Start ) 



8 PREPARATION OF THE TEST PIECE 

8.1 Ash of coai (about i'Og) is prepared at a 
temperature of 815±1°C from coal spread in a 
thin layer and heated in well ventilated muffle 
furnace. About 30 to 40 mg of ash is required 
per test. After incineration, the ash is thoroughly 
mixed and ground to impalpable powder in an 
agate mortar. The ash is made into a paste with 
water or with a 10 percent solution of dextrine in 
water and the ash thus treated is pressed in the 
mould as shown in Fig. 4 to form a specimen of 
desired geometrical shape-either cubical or 
cylindrical (see 6.1). The specimen thus formed 
is taken out of the mould and left for few minutes 
only for atmospheric drying. After drying the 
specimen is ready for introduction into the 
furnace. 

9 PROCEDURE 

9.1 Transfer the specimen on the support into 
the sample holder as shown in Fig, 3. Then 
introduce the sample holder with the specimen 
into the furnace. Raise the temperature to about 
1 000 C C at the rate of 10°C/minute and then at 
the rate of 3 to 5°C per minute and adjust the 
atmosphere desired ( 6.2 ). Make a record of the 
observations at an interval of 2()°C. In case of 
lignite ash this interval should be 10 C C. Maintain 
the rate of heating above 1 000°C at 3 to 5°C 
per minute and in the last stage, that is, after 
hemispherical temperature; at 3°C/minute. The 
following three temperatures should be observed 
carefully, namely: 

a) First sign of change of the sharp edge of 



the specimen indicating initial deformation 
temperature, 

b) Hemispherical size of the specimen is 
observed indicating hemispherical tempera- 
ture and finally, 

c) The flow temperature at which the sample 
has spread out on the support. 

9.2 In some ashes where effects like blistering, 
distortion, shrinkage, swelling, non-wetting of the 
support and bursting of internal gas bubble from 
the specimen may occur, it is desirable to record 
these phenomena and repeat the experiment using 
a diiferent type of support. 

9.3 in case of lignite ash, it is observed that the 
intervals between initial deformation temperature 
and hemispherical temperature, and flow tempera- 
ture are comparatively short. In view of this a 
slower rate of heating preferably not exceeding 
3 C C per minute is recommended for proper 
observation of the changes. 

9.4 In case photographic record is made, after 
developing, the photographs arc pasted on a 
pieco of paper showing the characteristic tempera- 
ture. Figure 6 and 7 show typical photographic 
records of fusibility of a sample ofcoalashin 
oxidising and in mildly reducing atmosphere 
respectively. Figure 8 and 9 show typical photogra- 
phic records of a sample of lignite ash determined 
in oxidising and in mildly reducing atmosphere 
respectively. The difference in the levels of 
characteristic temperatures is evident from the 
photographic records. 



IS 12891 : 1990 




Fig. 6 Fusibility of Bituminous Coal Ash in Oxidising Atmosphere 



Fig. 7 Fusibility of Bituminous Coal Ash in Mildly Reducing Atmosphere 

6 
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Fig. 8 Fusibility of Lignite Asm in Oxidising Atmosphere 




Fig. 9 Fusibility of Lignite Ash in Mildly Reducing Atmospijlrl 



10 PRECISION OF THE METHOD 

10.1 The maximum acceptable difference among 
the results shall be as given in Table I. 

10.2 In case of lignite ash the figures require to 
be modified as in many cases the difference 
between the characteristic temperature does not 
exceed even 25°C In view of this, repeatability 
and reproducibility may be considered in the 
levels of 20°C and 25°C. 

11 TEST REPORT 

11.1 The test report shall contain the following 
information: 

a) Colour of ash. 

b) Identification of the specimen of ash to be 
tested. 

c) Reference to the method used. 

d) Initial deformation temperature rounded 
to nearest 10°C. 



c) Hemispherical temperature rounded to 
nearest 10°C. 

f) Flow temperature rounded to nearest 10 C C. 

g) Size and shape of the test piece. 

h) Composition of the atmosphere. 

j) Nature of the support used. 

k) Any peculiar behaviour observed during 
the determination. 

m) Photographic reproduction, if made should 
be included; otherwise the data may be 
furnished in a tabular format under 
following headings: 



Time 



Tempera- 
ture, °C 



Height 



Dia- 
meter 



Remarks 



11.2 Table 2 gives an example of a set of obser- 
vations on the typical fusibility experiment done 
in the Leitz Heating Microscope. 
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Table 1 Maximum Acceptable Difference Between the Results 

(Clause 10.1 ) 



Characteristics 
Temperature 



(1) 
Initial deformation temperature 
Hemispherical temperature 
Flow temperature 



Maximum Acceptable Difference 
( Hard Coal Asb ) 

, _ . , .... ■*- 


Repeatability 


Reproducibility 


(2) 


(3) 


30°C 


50°C 


30 9 C 


50°C 


30°C 


50°C 



Table 2 Example of Set of Observations of Fusibility Measurement 

(Clause 11.2) 



Time ( Hours ) 

(1) 
200 
2*30 
2*45 
3*00 

310 

3*15 
322 

3*30 
3*40 
350 



Temperature °C 


(2) 


800°C 


950°C 


1 050°C 


1 160°C 


1 210*C 


1 230°C 


1 260°C 


1 285°C 


1 315°C 


1 345°C 



Observation 

(3) 

No change 

-do- 

-do- 

rounding of the sharp point or change of 
the sharp edge of the specimen (initial 
deformation ) 

appreciably rounding of the edge 

beginning to blister 

hemispherical shape ( hemispherical 
temperature ) 

specimen flatenning 

specimen nearly flat 

sample flat — ( flow temperature ) 
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